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upon the successes of previous designs with minor changes 
due to technolcgical advances. These technological advances 
usually relate +o néw materials and new methods cf control 
Bae herdly ever result in drastic changes to the aerodynamic 
surfaces. These proven cCesigns of the integrai parts which 
have specific aerodynamic characteristics are well 
documented and =xtremely useful in the design process. T+ 
is essential ‘for the designer to hav? this corporate 
knowledge of design trends for the design process as well as 
BOr the validaticn of his design. This knowledge of design 
+rends is necessary for beth the designer ia industry and 
ame student in a learning environment. 

Ourside of specific helicopter companies, little has 
been done to analyze the interrelationships that exist 
between design parameters. These interrelationships provide 
a bases for the simplification of assumptions and valida«ion 


of design results. This knowledge needs to be availabl2 to 





the design student just as it is to tha design engineer so 
that the information can be used for an analysis or 
verfication during the design process. Tharefore, it is 
important that this information be readily available and 
that the student have quick, 2asy and well defined access to 
this informaticn. 

The retrieval and analysis of historical data is but one 
Bares Of 2he design process. The critical part is the actual 
process whereby a conceptual design is accomplished *hrough 
many iterations. This process is long and involved but 
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process it is necessary for the student to vary as many of 
*he design parameters as possible in order to sse the 
interrelationshinos that exist. This process also allows the 
Student to beccme intimately familiar with the problems and 
needs cf the designer. 

To date, no known programs for th2 IBM 3033 have been 
prepared that will take the design student through the 
entire process from historical analyses t9 conceptual design 


completion. 
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B. GOALS 

The objective of this study was <> develop an 
Meeeraccive Capability for the design student usiag the IBM 
3033 computer. The orogran, if used at the Naval 
Postgraduate School, shculd be capable of providing 
Beaphacal representations of the critical data necéessary for 
a preper analysis in the data analysis phase. During the 
conceptual design vhas2 the program should allow for design 
Sstudent/computer intaraction so that the design student can 
meemoly esse the effec*s of varying critical parameters. TO 
maximize the asséts available at the Naval Postgraduate 
Spenmool, the Tekz=renix 618 dual scresn system and the DISSPLA 
ietce. 1] softwar2 system should be incorporated in the 
structuring of the computer programs. 

The prcegrams should be designed primarily for the use of 
Aeronautical Engineering students at the Naval Postgraduats 
memeol enrciled in the Helicopter Performance, Helicopter 


Design, and Advanced Helicopter Design courses. 


v4 





he INTRODUCTION 

The basic approach was to write? two computer programs 
utilizing the DISSPLA software system for use on the IBM 
Bos uSing FORTRAN IV. The programs are completely 
mice ractive, prompting the user for all necessary 
MieortmatiOn and «hen graphically depicting the information 
maine £0rm of tebles on the IBM 3278 screen or as a graph 
Goel cnuer the Tektronix 618 screen or by us2 of the VERSATEC 
plotter. If the Tektronix machine is used, the displayed 
graph can be copied directly using elsctrostatic copiers 


attached to each machine. 


Be Ruma tols OF HELICOPTER DESIGN DATA 

MnenwfiLst or cgram consists 9£f a historical data display 
System that takes thirty critical design pazrametars and 
allows the user to seléct the parameters for analysis. The 
user can then specify the page format as w2ll as the number 
of graphs per paga of the finished graph. Subroutines 
Within the program ar? as follows: 

1. Block data 

PeeDatd point identification 


Beeccapnacal display formatting 


ez 





C. CONCEPTUAL HELICOPTER DESIGN 

The second program is written to correspond procedurally 
WITH THE Helicopter Design Manual [Ref. 2] used in the AE 
4306 Heliccpter Design course at the Naval Postgraduate 
Sencol. The formulae necessary for the computation of each 
section is provided in lieu of subroutine use. This allows 
for guick and easy updating of the program es it becomes 
necessary. Also, if the student desires, it can be seen how 
the data that is received is computed. This pregram is 
completely interactiv= and requires only that the student 
have the infcrmation listed on the design specification 
sheet and the accompanying charts and references necessary 
for the required decisions during the Jesign process. AL 
tables and graphs are generated and displayed either on the 
formers 2/8 Screen or th Tektronix 618 Screan. Output [Cor the 
tabular data is provided cn a separate file and the single 
graph needed fcr design decisions can be obtained using the 
eieeetrostatic printers. 

Detailed knowledge of the IBM 3033 conputer is not 
necessary. A familiarity of heiicoptéer aerodynamics and 
performance is, however, necessary for proper utilization of 
*he program in order to obtain meaningful design 
snformation. 
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III. SOLUTIONS TO THE PROBLE 


me a2 EE = 42S ee a = ee = = 3 


A. DATA DISPLAY FROGRAM 
Table I lists the thirty critical design parameters used 
most often in any analysis of an aircrartts performance as 


found in the Helicopter Performance Manual [Ref. 3]. 


EAS Cie 
Design Parameters 


Main rotor radius 

Taal Trotar radius 

Number of main rector blades 
Number of tail rotor blades 
Heicht of the main rotor systen 


Speed of the main rotor 

Speed of the tail rotor 

Ghocdsof the Malin rovor 

GSmeedmwor the taid Goto r 

Span of the main rotor 

Sean or ene tail Lrocor 

Twist of the main rotor blade 

Twist of the tail rotor blade 
Frofile drag of the nain rotor blade 
Pectadve OGrag of the cail rotor blade 
Disc loading of the main rotor system 


Width cf the fuselage 

Leagen of the eee: 

Peencat oguivalent Elat plate are 
Vertical equivalent flat plate ar 
Maximum forward velocity 

Maximum range 
Rate of climb 
Hover ceiling 
Hover ceiling 
Length of the ¢t 
Opefating weigh 
Load weigat 
Fuel weight a. 
Maximum gross weight 


2 
aa 


The above parameters have been deaned those most 
critical to the design precess. The airfoil dé&ta has been 


extrapolated from NACA data andthe specific helicopter 
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performance parameters have been 2xtrapolated from che 
various manuals for the specific helicopters. Tables III 
mmrougu X, Appendix C, list the specific data utilized for 
mae study. 

Table II lists the helicopters usei for the analysis 


Beeston Of the graphing. 


TABLE II 


Representative Helicopters 





Military Weight . Branch of 

Designator Ciassi fication DSEViCEe 
AH-64 Medium USA 
OH-6A Eins USA 
SH 3H Mediur USN 
o 76 Medium 
UH-60A Medium USA/USN 
CH-54B Heavy 
en 53D Heavy USN 
i= 53 2 Heavy USN 


All =he helicopters selected for study were sindle main 
rotor helicopters that are still in the active inventories 
of the agencies i:isted. The selections were made with 
deference to aircraft of the U.S. Army and U.S. Né&vy and 
then to a representative sampling of ths three major weight 
eeassifications. 

The data from Tables III through X can now be graphed in 
the following cecmbinations using the Data Display progran: 


ieee so cmpls X-Y plot 


15 





@. Horizontal pace format (11 X 8.5 inches) 
b. Vertical page format (S25 °k-211" anches) 
2. Two parameters versus a third 
ae) HOurzontal page format (11 KX 38.5 inches) 
(1) Two axes on the abscissa scales 
(2) Two axes on the ordinates scale 
b. Vertical page format (S25°°% Viavecnes) 
(1) Two axes en the abscissa scale 
(2) Two axes on the ordinate scale 
3. Two X-Y plots on the same page with a horizontal 
page format. 
WY. Three parameters versus oné common parameter 
with a vertical page format 
5. Four separate X-Y¥Y plots on the sane page with a 
horizontal page fornat 
famines 3.3. <hrough 3.9., Appendix C, illustrate? the 
Capability of the program. The prcegram was devised so as to 
eplow the greatest flexibility for the analyst as to the 


graphical presentation. 


Be. CONCEPTUAL D=SIGN PROGRAM 


The design process is in accordancs with the procedural 


Beeps 4S Outlined in the Helicopter Design Manual. The 





program is devised so as to allow the dsign student the 


ability to do @ conplete conceptual design at one sitting if 
he is properly prepared. The program lists all critical 
tables and informaticn necessary for doing an analysis of 
the design and also provides the necessary information to 
prépare a written report. eee Lekrronuxe dua. Screen 
combination is used, the student has a graphical 


representation of th2 total power curve az altitude 


presented to him which must be used to extrapolate critical 
design performance parameters. PaQgurec es. lo siorewsample of 
the graphical representaticn provided. Saupe OUeous ic 


provided in Appendix B to illustrate the capabilities of the 


program and the possible usefulness to the design student. 


ee 





LV. Raoul Ss AND CONCLUSEONS 


ee ee) a 2 a aD Pet 22 a GE EF we 


A. DATA DISPLAY PROGRAM 

This program provided good reéesuits in use for «he 
analyses of the désign parameters considered, particularly 
in the correlation between commonly used ‘rules of thumb! 
and graphical analyses of the same parameters. 

The capability of the program could be enhanced ir 
several ways. [MEStee ada -. onal Singie main rotor 
heliccpters could be added to enable a more complete 
analysis to be accomplished. Seccnd, the use of different 
scales, such as the logrithmic scale, for the graphical 
analysis could prov= to be more suitable for some of the 
parameters. oT \y additional parameters that other 
companies have compiled in their technical manuals could be 


added for analvsis. 


Bis CONCEPTUAL DESIGN PROGRAM 

Bice Program provided information consisten= with 
existing aircraf<. Tiemerneesacelve seharece=21sStic of ths 
Beogtan allows <he student to actively participat2 in the 
design process and, most imporcantly, the program allows the 


ee 
whe dee 


()) 
wD 


student to vary parameters and see the S25 02 Cheng2ng 4 
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Single parameter on the entire design proc?2ss. If the 
student was prepared and had all the appropriate references, 
this process need only take an nour t9 complete one 
iteration of the entire piccess. Ths allows coc mule3 pis 
iterations, optimization, and parameter variation. 

One preblem with the program is that it is only as good 


as the assumptions that have been mada for the modei to 


Simplify the formulae us¢d as given in Reference 3. A 


Smuae epproximatign +0 existing aircratt can be made with 


ct 
}+- 


the understanding that the aircraft designed during this 
process is merely a conceptual design and the beginning step 


in the proce 


Ul 
nN 


Pozar tt ine) “product. This model has been 


d2aveloped so that changes mad? to ths course can bs 


(n 


incorperated easily and that any corrections can be made 
aaickiy. This program also can b2 run cn any FORTRAN 


capakle computer using the coding iistei in Appendix 8B. 


19 





Nes OSERS GUIDE TO THE DATA DISPLAY PROGRAM 
The pregram has been writtén with the user in mind. ae 
is completely interactive once the program has bean loaded 
into the DISSPLA mode so that the user neei crnly read the 
instructions presented on the screen carsfully. 
Use the follcwing procedure tc invoke the Data Display 


program once tke Fortran program resides on the users disk. 


ieeececcemeas NOEhiacl at ciiner a2 caegular IBM 3278 
terminal or ata Tektronix 618 dual screen <ernminal 


PeeeOctdaan the uss Of temperary storage space by 
entering the following: 


DEFINE STORAGE 1M {enter 


3. When the PSW '00020000 00000000" appears on the 
screen type in: 


fr ERs fenter) 


has not been previously compiied on 
Det 


FORTGI HELODATA (enter) 


s been compiled you are ready 


9. When the progta a 
Om PLA BY »2) peng (ion: 


SOochcer in 


Blase bA ubLGODATA (Gi zsr} 


6. Follow the instructions given on the screen. 
LE you desire a hard copy cf ths graphs do the 
foliowina: 


Peieece=> Mind l--Exi2 *th=spsogran anc 
enter DISSPIP and then 
follow th instructions 
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TEK terminal-- Press the hard a! buttcn 
Cher aec ler d= Mens o2 


B. FROGRAM NCMENCLATURE 


MN EMONIC DEF INITION 

ANS General variable for reading keyboard answers 
B Number of main rotor blades 

BTR Number of *ail1 rector blades 

Cc Chord cf @ main rotor blade in fest 

CDO Profile drag of a main rotor blade section 
CDOTR Peotite drag Of a tail rcoter blade sec*ion 
CTR Snora Gil a tall rotor blade in fe2t 

De Disc loading of the main rotor systen 

FH Frontal effective flat plate arsa in Square fa¢t 
FV Vertical effective flat plate area in square feet 
EW Tt Fuel weight in founds 

HOVIGE Hover ceiling (in ground effect) in feet 
HOVOGE Hover céiling (cut of ground effect) in feet 
HT Height of the main rotor system above the 

ground in feet 

i Do loop variable 

IPAK Array for packing legend information 

KINDS Array for packing legend information 

LGH Lenath of «he fuselage in feex 

ie Length of the tail in feet 
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LWT 


MGW 


OPTION 


OWT 


PANS 


R 


oe 


RNG 


R PM 


Deu oR 


Noes 


tool R 


Pee 


TEMP 1 


TEMP2 


EMP 3 


TITALT 


TWOAX 


TWST 


TWSTR 


VM 


WDT 


Eoad weigkt in tcunds 

Maximum gross weight in pounds 
Toameucctennowlcecn SU bDECUtIne LOL page formatting 
Operating weight in pounds 

Refererces page format selection 

Main rotor radius in feet 

Maximum rate of climb in feet per minute 
Maximum range in nautical miles 

Speed of the main rotor systen in RPM 
Speed cf the tail rotor system in RPM 
Span of a2 main rector blade in feet 
Spaneetee tall reztoz blade in f2eat 
Leese tore tadius in feet 

Dummy farameter returned from subroutine 
Dummy parameter returned from subroutine 


ine 


ct 


Dummy parameter returned from subrou 
Frogram trip used in multiple axes plotting 
References which axis has two ax¢s piotted 
Twist cf @ main rotor blade in degrees 
Twist cf a tail rotor blade in degrees 
Maximum velocity in knots 

Width cf the fuselage in feex 


Array returned from Switch subroutine containing 
abscissas for plotting 


oe 





X ANS 


XANS1 


XANS2 


XMAX 


XORIG 


XPOS 


hes P 


XTWO 


X2ANS 


X4ANS 


YANS 


YANS1 


YANS2 


YMAX 


YORIG 


meOS 


feo P 


YTWO 


PZANS 


Y3ANS 


Answer referenced to X axis selection 

Answer referenced to multiple X axes selection 
Answer referenced to multiple X axes selection 
Maximum value of abscissa desired for plotting 
Minimum value of abscissa desired for plotting 


Geecvectavewnes Lefersreing subplot locacitons 
of abscissas 


Increment size rFetween minimum and maxium of the 
abscissa axis 


Array returned from Switch subroutine containing 
abscissas for plotting 


Array for X axis answers for two graph option 
Bieta yeccr X amXis arswers for f£9ur graph option 


Mesceveesceuened f£recm Switch subroutine containing 
Saainecss LOr plotting 


Answer referenced to Y axis selection 

Answer referenced to multiple Y axes selsction 
Answer referenced to multiple Y axes selection 
Maximum value of abscissa desired for plotting 
Minimum value of ordinate desired for plotting 


Array of values referencing subplot locations 
cf crdinates 


Increment size between minimum and ma&xium of the 
goocisea 2k 2s 


Abeay cetuzned from Switch subroutines containing 
Sediraces £Or picttiang 


Array for ¥ axis answers for two graph option 
cray for Y axis answers for three graph option 
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Y4YANS Array for Y axis answers for four graph option 


Z AGeayel DO Subroutine Switch f5r parameters 
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A. USERS GUIDE TO THE CONCEPTUAL DESIGN PROGRAM 

The design program has reen developsd with the user in 
mind. Tremeoreg=san is Complezely interactive in that it 
prompts the user for any inputs needed. Ths following steps 
Bmould be taken to invoke the program and +o get an output 
file useable for analysis. 


Peetcdeon e5 NOamal On cicher the IBM 3278 or the 
Tektronix 618 dual screen systen 


2. Obtain temdotary storage space by typing in: 
DEFINE STORAGE WM (enter) 


3. When PSW '00020000 00000000! appears on the sereen 
type in: 


I CMS (enter) 


4. If the program has not been compiled on your disk 
Vetmecype in the fcllowing: 


FORTGI DESIGN (enter) 


9. After the program has been compiled you are ready 
POmuuicne Program by typing in: 


DISSPLA (enter 


eee 2OUu will be asked to enter library functions or to 
press enter. Press the enter key. 


7. You will then be asked if you want additional 
temporary space for shading, ¢tc.. Again, press 
the ente= Key. 


8. Next you will be asked to enter ad files 
thaz you want. Here you should 


ZOLvOwan dC * 


(i) 


wp 


ny defin 
ncter> the 


~ 
es 
— 


70 





10. 


Je 


12. 


3. 


B. PROG 


AASLY 


Ae HPF 


au PY 


ALPHA 


ALT 


AMAX 


FILEDEF 08 DISK DESIGN (fil¢ nams) 


ct 
@ 
r{ 
Mm 
i 
ct 
oo 
Ad 
aan a 


ledef is list 


Af 

fl 

bottom lina Ae 
a 

the program 2xe 


Pollowee ne Ins LUCtLOoNsS given 
wbieeneea the Hol icept<¢ 


appropriates handouts/retere 
precess. 


PuvOlmarme On the IBM 3278 tonminal you will not 
Get od eae hy therefore, you nust plot the total 
power hand and extrapolate the nesied data 


If you are using thse TEK 618 dual screen system 

deed sone weeps) drawn Or (=ie cOtal power curve 
and its components at altitude which can 
immediately be used to extza Oolat2 the necessary 
data to complete the entire design process. 


loo aide ce Output file of ali the information 
that you have computed is in th? file that you 
have defined. To get your data typ2 in: 


PRINT DESIGN (filename) (CC 


RAM NCMENCLATURE 
DEFINITION 

Sonic speed at standard sea laveal 
Sonic speed at specification density altitude 
Average alxcraft serviceable life in years 
Average flight hours per flight 
Average flight hcurs per year pear airframe 
Crdinate2 intercept of fuel flow-horsepower curve 
Bexgmum cate of ciimb calculation altitude 
Seuvice cCcorisng altitude 
Steady flow stall angle of tn2 airfoil 
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ANS 


AR 


AREAMR 


AREATR 


ARTR 


ARVS 


AVAIL 


AVAILM 


A111 


A12 


| 3 


A14 


A 80 


A90 


A160 


A90D 


OY 


A270D 


BETA 


BH 


BL 


BLADES 


General variable for keyboard answer 

Aspect ratio of the main rotor system 

Area of the main rotor disc 

kiea Gmeche tall@necor disc 

Aspect ratio of the tail rotor 

Ve@ztawea) StablLlizer aspect =atio 

Availability of an engine 

Availability (multivle ¢ngine) 

lepmean defamation of THETA 2 

Te-gpin defingtion of THETA2 

Term an deftmnation of THETRA2 

feemein deeiniticn of THETA2 

Vertical stabilizer angle of attack at 80 knots 
Angle of attack of the advancing blade (radians) 
Vertical stabilizer angle of attack at 160 knots 
Angle of attack of the advancing blade (degrees) 
Angle of attack of retreating blade (radians) 
Angle of attack cr retreating biade (degrees) 
Main GOtar tip loss factor 

Slope of the fuel flow horsepower curve 

Marne setor tlpmloss factor at a hover 

Blade loading of the main rotor systen 


Number of main rotor blades 


ia 





BLADTR 


BS 


BTA 


BTR 


BVS 


C DO 


CDOTR 


CHORD 


a0 RDT 


eL 


CLA 


CLM AX 


CL80 


CL160 


COLL 


COLLD 


COMPAR 


PON ST 


COUNT 


e2C 


ers 


CREW 


cS 


N@mLe: "Ok: taai"nctor blades 


Term used in inbecard stall analysis 

iemiaoest SToe oss factor at altitude 

Lei oseeor <p = less £3ctor 

Span of the vertical stabilizer 

Goemetcicnemo: dzagwof a main rotor blade 
Coefete =n wotmmaeag Of @ tall satot blades 

G@ycza ci a Main rovo> blade 

Gho=zd of a tail rotor biade 

Geetiiew=at rot lft Of a Main rotor blade section 
Lizt curve slope of @ main rotor blade section 
Meamunimecoerhacaen: OF litt for a blade section 


S=Gelo>n COC iLicCicnt Of I2f= at 30 knots 


t 


bt 


Pa 


rh 
ct 


Section coefficient o at 160 knots 
Collective pesition (radians) 

Colleczive position (degrees) 

Weight variance farameter 

Constant value in ICAO formulae 

Counter variable 

GOSreEC-19n t0 power coefticient 

S@ereecemen “oO pewer Coefficient due to stall 


Number cf specified crew 


Term used in stali analysis 


aS 





eT Maen E0tor coefficient of thrust 

eTH Maatimen@GreOGeGocrtficicnt of thirust at a hover 
CITA LUMO OQmmCOcneiGl eh: Of thrust at altitude 
SITR Tail rector coefficient of thrust at sea level 
SrCL Cyclic position (degrees) 

=yYCLIC Gyelscepositzi on (radians) 

C4 Gest Of Main BGecr 

C2A CoS« of tail rotor 

225 Gog Gemearl FTOotor Structure 

G3 Gost, Of ped y 

C4 Cost of landing gear 

s5 Gest of nacelle 

C6A Cost of engine 

e585 Ccest cf drive systen 

C6C Cost of fuel zanks 

G7 Gesr,of flight ccenerols 

C8 Cost of auxiliary power 

oe Cost of instruments 

C10 Gose Cr hydraulics 

e11 Cost cf electrical systen 

C12 Cost of avionics 

es: Cost of furnishings 

C14 COsOr @i2 end ice 
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€15 


DA270 


DELTA 


DERR 


DL 


DLAMB 


DP 


DREF 


DW 


DWG 


DWM 


D 1 


D2 


moe AFT 


EFPAVF 


EIW 


EWNEW 


COIR 


Cost of load and handling 

Diameter of the rotor systen 

Blade angle of advancing blad2 (d¢grees) 
Fuel flow ratio 

Pee@Qn nc ule 200 

Disc loading of the main rotor system 
Term used in blade stall analysis 
Parasite drag 

Acceptable error functicn 

Powerplant dry weight of an engine 
Design gross weight 
Powerplant dry weight (multiple engine) 

Stall analysis parameter 

Stall analysis parameter 

Effective flat plate area (horizontal) 
Effective flat plate area (vertical) 

Engine installed weight 

Engine installed weight (multiple engines) 
Engine selected 

Estimated shaft horsepower required to hover 
Estimated engine weight from weight estimations 
New engine weight using powerplant data 


Excess weight 


qe) 





E1 


2 


E3 


FL 


feo LT 


BoLTS 


PUEL 


ew 


FWNEW 


GALIN 


GALCUT 


GAM 


GWS PEC 


AL 


HOVIGE 


AP 


iC 


ac M 


IER 


er 


LHP 


Stall analysis parameter 

tall analysis parameter 

Stall analysis parameter 

Factc= for ianding gear weight Approximation 
Length of the fuselage 

Specification maximum iengcth of the fuselage 
Amount of fuei in pounds 

Fuel weight in ccunds 

Grange in Oclgenmal Enel@=weight for printout 
Internal fuel weight in gallons 

External fuel weight in gallons 

Stall analysis parameter 

Specification maximum gross weight 

PivbemoG 2ne gir crar t 

Soeciftication hover ceiling (in ground effect) 


Hover power of the main rotor sysam (out of 
ground effect) 


ROtCOCI system height above the ground 
Do loop parameter 

Initial cost of an é¢ngine 

Ina tial costs Mmulcsaple engins) 
Library function error code 
Installation fraction 

Ready e2Or PLo=tt ing 
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wR 


KNOTS 


KNT 


KNTS 


KS 


LAMBDA 


LAMB1 


LAMFR 


CC 


BCC i 


LERR 


LG 


LOATL 


PRE F 


LTR 


MACH 


MACHT 


MAINT 


MAINTH 


MAXRC 


MAXV 


Inflation rate in 1977 dollars 
De lcop parameter 

Increment for forward speed 
Increment for fecrward speed 
Knots increment for table 

Stall analysis parameter 

Stall analysis parameter 

Stall analysis parameter 

Used for reliability calculation 
Life cycle cost cf an engine 
Life cycle cost (multiple engine) 

Acceptable error function 

Type of landing gear 

Loading used to find effective flat plate area 
Acceptable error function 

emcee AOL tne scdll “Sotor 

Figure of merit 

Maximum allowabie Mach number a= sea level 
Main rotor system tip Mach number 
Maintainability of an engine 

Maintainabili+ty (multiple engine) 
Specie catcaenwrate of climb 


Maxium forward velocity in feet per second 


a7 





meR IT 


MCRO 


MD 


MDT 


BEBE 


MTBMA 


MTBR 


MTBRU 


ATI? 


BIT R 


MU 


eur R 


N 


NDEG 


NENG 


NEWUSE 


NN 


NRPL 


NRPLM 


= 
2 


NXRPL 


NXRPLM 


OC 


Cea ticalwiach mumber 


Pomewamclenr@nmaccaGk CE2tical Mach number 

Drag divergence Mach number 

Mean down time of an engine 

Mean time berween engine failures 

Mean «im? between maintenance actions per engine 


Mean time b2tween repairs for an engine 


ty 


}— 


Mean tim? between repair (multipl2 engins) 


if 


Tip Mach number of the main rotor systen 
DESiAGievUMern OF Tae TALL ROTOR SYSTEM 
Advance ratio of tha main rotor system 

Advance ratio of the taii rotor systén 

Do loop Darameter 

Ome rae 5 OR eeen ea eetdas ton 

NumrEer of engines 

New useful load 

Do loop parameter 

Number of engine replacements (real or integer) 
Number of engine replacemants (multiple éngins) 
Number of landing gear 

Number of engine replacements (integér) 

Number of engine replacements (multiple engine) 


Operating cost of an engines 
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OLD 


OMEGA 


OMEGTR 


PA 


PADJA 


PADJS 


PALT 


PAVAIL 


EC 


PCMPA 


PCMPs 


PEOPLE 


Ea 


ea 


Ee P 


Pout LF 


Peo LFA 


eLLLFs 


fo. LGE 


P ITLGH 


foro LH 


Par LIT 


eee LTR 


Previous gross weight used for comparison 


Maem ECtOr rot 


ational velocity (radians) 


Te eiarcssos ata tiaond! velocity (radians) 


Speci 164 c¢ 4°) 


Adjusted power 


Adjusted power 


Rat] Of climb 


pressure altitui2 
atueeeatuds 
at sea level 


pressure 


Power available 


Power to climb 


Array fer compressible power at altitude 


Array fer compressibl2 power at sea level 


Number cf people 


Induced power 


of the main rotor syscten 


Constant for value of pi 


Induced power 
Induced power 
Induced powsér 
Induced power 
Induced powsr 
Induced power 
Induced powsr 
Induced power 


Induced power 


eeene Naan LOLOL System in HP 

(IGE) at a forward speed 

at altitude at forward speed 

at sea level at forward speed 

in ground effec- 

Seed Ov or 

at a hover 

Oemeies 4°. TOtor in forward fliqht 


mocmene, ta. =SOtar 


ag 





PITRFA 


mea RES 


PIVERT 


eX 


ey 


Pa 


PMBS 


PQ 


POC 


POF 


POFA 


POFS 


POH 


POHP 


POTA 


POTR 


Bot RF 


SOLRFA 


POTRFS 


POX 


EOY 


Btcmset LOtor as altitude 


Peace deDiOWGcENOL the tail rotor at sea level 
iaerce Ward Eight 


Induced power vertically 


ee ot used for plotting of total induced power at 
sea level 


SO(Uetoemrior 0G teral induced power at 
€ 


Preventative maintenance cost of an engine 
Flade stall power factor 

Profile power of the main rotor’ system 
Frofile power *o clinb 

Profile power at a forward spzed4 

Profile power at altitude at forward speed 
Profile pewer at sea level at forward speed 
Frofile power at a hover 

Profile power of the main rotor system in HP 
Epotcihe Power Of tail rotor at altitude 
PEOmelesDOWer ECE the tail rotor 
EactotesDOwcrnot ctpe €4ai11 rotor in forward flidgh+ 


Puello power Of the tail rotor at, altitude 
Mane temwaesa Clight 


ip 
fp 
t-— 
(bp 
< 
wD 
j— 


Paormbcupower Of the tail rotor at s 
Pwenecrward tlight 


Pascvemdicode for plot sing Of total profile power at 
sea level 


Peecwyeuse dros Clotting total protile power at 
See owrde 
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EP 


Eee C 


Ee F 


Bera 


Errs 


PPOGE 


P POGEH 


DPX 


Eee 


PTACH 


PTAH 


PTAVAL 


Ee LeOVS 


Eon P 


PTT AHP 


Farasite power to clink 
Parasite power é«+ a forward speed 
Parasite pewer at altitude at forward speed 


Parasite power 


at s2a level at forward speed 


p 


PecOunaweskec: G2Sstance DPDaLamet=r 


Grourd effect factor at a 


hovec 


aa used for plotting total parasite power 
2 


=ea 


Arcay used for plotting total parasite 


vel 


altitude 


power 


Seoclreerie on. pEcSSuze altitude 


Sea 


Power 


Phantom sha .t 


TOwa 


Tewa l 


Teresa |. 


TOta lL 


cower 


power 


rower 


DOWEL 


COWEL 


power 


power 


power 


DOWEL 


rower 


rower 


Of 


POGrehne SsleEcrartweo 


oun 


horsepower 


the malin rotor systen 
hover 


eho att Craert) =) ROVeSr 


availabls 


at 


tO 


a5 


Of 


@ fOzws bd velccsit y 
altitude at forward speed 


sea level at forward speed 


a hover 

hever 

the main rotor system in HP 
micmcimereart tO Hover in HP 


8 1 





Bir kf 


PTTRFA 
BrtRES 


Bot RA 
Bei RHP 
PIVERT 
PTX 
bet Y 
Q 
R 
RBS 

BC 
RCLINB 
eC il 
RDC 
RDCM 
RELY 
Pel YM 
REVWE 
REV WG 
RHOALT 
RHO MH 


RHO S 


HOuwceecOwerecr the tail roter in forward flight 


Tee oeeeewc TOOL che salt ETOtor at altitude 
ieesce ward <Llaght 


focal power of the tail rotor at sea level 
Mie fOrwarad f£Light 


EoecmemrOwe=s ©£OL the taal rotcr at a hover 
ToeatPooweG £Or the tail tector at a hover in HP 


Total rower vertically 


ry 
RY) 
ct 
Wh 
N 
ay) 
t~ 
D 
< 
iD 
}-4 


Array used for piotting total pows 
Le@Veicctmeecr NELOuciMNgycotal CowSr 22 altitude 
Froduction run guantity 

Rotor radius 

Retaed=Ing tlade stall velocity 

Recovery cost of an engine 

Rate of climb 

Recovery cost (multiple engine 

Research and development cost of an engine 
Research and development costs (multiple engines) 
Reliability of an engine 

Reliability (multiple engine) 

Revised empty weight 

Revised gross weight 

Density at specification density altitude 
bepceey ct, hOVeEr an ground erfsc+ ceiling 


Bemsity at service ceiling 
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moO SC 


nO SL 


RNG MAX 


RNGNMX 


eon PC 


RSHFHME 


RSH RME 


Peon ERC 


meno HP 


Reon PM 


fob EC 


RL 


iva R 


oP 


oc 


se CcC 


ac M 


SFCN 


oarC 


a2P M 


SHP MM 


SHPN 


Semverce ceiling density 

Sea level density 

Maximum range as ver specification 

New maximum range 

Required shaft horsepower for cruise 

Required shaft horsepower for 22x endurance speed 
Total required shaft horsepower for max enduracne 
Total required shaft horsepower for cruise 
Required shaft horsepower 

Required shaft hersepower (military) 
Specification maximum rotor radius 

Stall analysis parameter 

haa fO+ot) radius 

Main rotor planfcrm area for waight estimation 
Body surface area for weight estimation 
Sipecuiecation semyvace ceiling 

Cruise specific fuel consumption 

Military specific fuel consumption 

NOtmal specatic fuel consumption 

Cruise shaft hersepowar 

Military shaft hors¢power 

Mialiteary shaft hersepower (multiple erngins 


Normal shaft horsepower 
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SIG 


SIGMA 


Ss2GTR 


S20 


aec LOD 


BLEEP 


5 V 


SVM 


TALT 


oP 


PHETA 


THETAO 


Moe TA2 


TOTALC 


EPRIF1 


en iLP2 


BRIP 3 


TRIPS 


me PS 


ie tl P 


aR 


Fressure ratio 

SOmadurty OL che Main foOsor Systsn 
Solices=y of the ail rotor system 
Weight variance parameter 
Specification useful load 
Variance parameter for iterations 
Total <ail surface area for waight estimation 
Salvage value 

Salvage value (multiple engine) 

Rate of climb temperature 

Specification temperature 

Temperature ratio 

Collective angle in Baan 

in radians 


Cyclic angle 


Woeetimecost Of ah alteCraft in a production run 


eal he 
oes ted 


Trips <he 
repeated 


Trips «he 
repeated 


Trips the 


program so that repetitive ques 
repeated 


Trips the 
repeated 


program so that repetitive question 
Total shaft horsepower 


tiaicceror the tal rotor 
84 


program so that repetitive questions 


proaqram so that repstitive questions 


program so that repetitive questions 


tions 


@ 
rf 
(D 


m0 
4 
(D 





TTRSO 


TTR160 


TWIST 


iP E 


fa P EM 


T1 


2 


a3 


T4 


USELOD 


MCR 


VELMAX 


uit 


VI 


VINEW 


ol T 


VITNEW 


vert R 


ver’ TR 


Vi 


fae Lote: thrust a= 80 knots 

fat eerocor thrust at 160 knots 

Twist of main rotor blade 

Type of helicopter (light, medium,heavy) 
Type Gf aircraft (light,mediun,heavy) 
Term used in defining THETAO 

Term used in defining THETAO 

Term used in defining THETAO 

Term used in defining THETAO 

Useful load desired 

Cruise velocity as per specification 
Maximum forward velocity 

Forward velocity 

Forward velocity 

Forward velocity at 80 knots in ft/sec 
Forward velocity at 160 knots in ft/sce 
Induced velocity in a hcever 

Induced velocity at hover 

Vertical induced velocity at 3a hover 
Induced vertical velocity at a hover 
inaleeduve LOcity of the tail rotor 
imavwecdteverteLecal yelocaty of the tail rotor 


stall parameter 





VMAX 


VMAXE 


VMAXF 


VMAXK 


VMAXR 


POP T 


mor TK 


VS 


VSK 


woLF 


ft PTR 


VTNEW 


VVERT 


WE 


WEC 


mee CR 


WEM 


WFME 


AEN 


aG 


WGNEW 


WXO 


WXOM 


SpeectetcactoOn maximum forward velocicy 
Maximum endurance velocity 

Maximum forward velocity in knots 

Emitade Forward velocity for stall analysis 
Maximum range velocity 

Opeanun veloeczcy for aircraft in ft/sec 
Ope vedeceaty £O5 2lrcraf< in knots 
Forward speed in ft/sec 

Forward speed in knots 

Tip velocity of the main rotor systen 
Tae Goeror =Np velocity 

Sopsuieeenmt OG =Ouren OFder differential equation 
Vertical velocity 

Manufacturers empty weight 

Cruise fuel flow rate 

Fuel fiow rate for cruise flight 

Meeeteaenry Gel El¢w rate 

Fuel flow rate for max endurance velocizy 
Normal fuel flow rats 

Gross weight 

New gross weight 

Transmission and oli weight 


Transmission and oil weight (multiple engines) 
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W1 
d2a 
W2B 
w3 
W4 
W5 
WOA 
WOB 
W6C 
47 
W8 
W9 


W 10 


W112 


W#13 


W15 
XO 
XRLG 
cS 
oC 


ec M 


Rotor weight 

Tal Getor welgat 

Tae EGtOr Struetucs weight 

Body wéeigat 

Landing gear weight 

Nacelle weight 

Engine weight 

Drive weight 

Fuel tank weight 

Mimic cOomtroL Welgnit 

Auxillary power weight 

Instrument weight 

Hydraulic weight 

Electrical weignat 

Avionics weight 

Furnishings weight 

Air and ice weight 

Load and handling weight 

Radius used for stall analysis (inboard) 
Fixed or retractabi2 landing gear 
Radius outboard analysis 

Yearly maintenance cost of an engine 


Yearly maintenance costs (mulzipls engines) 
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OC Yearly operating cost of an engine 


YOCM Yearly operating costs (multiple engine) 
ZCMPLX AmecdyenOs eoleeaty runic: lon 
Zan Zere horsevower intercept 


83 





PROGRAM LISTING 
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3800.00 FEET PER MINUTE 


THE BEST RATE OF CLIMB IS 


12 000. 00 


THE HOVER CEILING ALTITUDE IS 


219000.00 


THE SERVICE CEILING ALTITUDE IS 
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COST ANALYSIS PER VEHICLE (IN DOLLARS FOR 100 A/C RUN) 
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PAs Le 
AH-64 Data 
Parameter Veins 
Main rotor radius 24.0 
Maal LOtor radius 4.6 
Number of main rotor blades 4 
Memper of tail rotor blades 4 
Height of the main rotor systen dezeeo 
Speed of the main rotor 5104.3 
a2 Gn = hegcall rotor 147.0 
Chord of the main rotor 12775 
@merd Of the tail cotor GO, 83 
mean Of the main rotor 1S. o 
mean of the tail rotor 3.1 
Twist of the main rotor blade = 90) 
Twist of the tail rotor blade =0:..8 
Profile drag cf the main rotor blads 02008 
Peofile drag ee *he tail rotor bladé 0.009 
Disc loading or th? main rotor syszean oa 
Wadth of th: aeeeGe 3290 
Bength of th: Geer 7 = ug. 1 
Frohtal eguivalernt flat plate area 34.7 
Vertical equivalent flat PS iae area 45.8 
Maximum forward velocity 154 
Maximum ranges 246 
Rate of clind 2490 
fever ceiling oes a2 00 
Hover ceiling (OGz 11,900 
Mmemagth of the tail DT 
Oeerating weight iO 
Load weight 25020 
Fuel weight 1,020 
Maximum gress weight 14,650 
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TApES LV 


OH-6A Data 
Parameter Yalue 
Main rotor radius Ges toot 
Tail rotor radius v.33 “teet 
Number of main rotor blades 4 
Number of tail rotor blades Zz 
Height of the main rotor systen 7.0 feet 
Speed of the main rotor 49.2 rads/ss3c 
speced Of the taii rotor 315.0 tads/sec 
Chord of the main rotor 0.57 feer 
mmeord Of the tail rotor 0.40 fet 
pean Of the main rotor WieS: | feo 
mean Of the tail rotor 1.4 fest 
Meest of the main rotor blade -9.0 degrees 
Meast of the tail rotor blade -~8.0 degrees 
Peetcle drag cf the main rector blad2 O09 
B@orric drag of the tail rotor blad?2 0.909 
MeeeGc loading of the Main tctor sys<en Sea 
Width of the fuselage 4.57 feat 
memgch of the fuselage 23.0 feet 
Peental equivalent flat plate area Dau» Siete 
Wecercal egquivalsnt flat ctlate area les Saget 
Maximum forward velocity 116 knots 
Maximum range 338 AOS . 
Rate of climp 500 (fe /7m is 
Hover celling rae TO test 
Hover ceiling (OGE 4,200 feet 
memagth of the tail . f>e2 Leet 
Operating weight 1,160 pounds 
Load weight 960 pounds 
Fuel weight 400 pounds 
Maximum gross weight Zoo | 6 DONS 
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TABLE V 


SH-3H Data 


Parameter 

Mein rotor radius 

Mel rotor radius 

Number of main retor blades 
Number of tail rotor blades 
Height of the main rotor systen 


Speed of the main rotor 

Speed of the tail rotor 

mora Of the main rotor 

mend Of the tail rotor 

Span of the main rotor 

moan Of the tail rotor ; 

fiwest Of the main rotor blade 

Twist of the taii rotor biade 
Emeeate drag of the main rotor blade 
Bmeorsiec drag cf£ the taii rector dblads 
Merec Loading of the main rotor system 
Width of the fuselage 


Length of the fuselage 
Meoncal eguivalent flat pl 
Vertical equivalent flat p 
Maximum forward velocity 
Maximum range 
Rate of climb 
Hever ceiling 
Hover ceiling 
Length of the t 
feeeaclng weigh 
Load weight 
Fuel weight 
Maximum gress weight 
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TABLE VI 


S$-76 Data 


Parameter 

Main rotor radius 

Mel rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 
speed of the main rotor 

eee Ge the eail rotor 

Mmrera Of the main rotor 

mmerd Of the tail rotor 

Sean Of the main rotor 

mean CL the ail rotor 

Twist of the main rotor blade 

meest Of the tail rotor blade 
Beoerle drag cf the main rotor blade 
Profile drag of the tail rotor blads 


Disc loading of the main rotor system 
Width of the fusélage 
Length of the foeeeed © 
Frontal equivalent flat 
MeGercal equivalent £1 
Maximum forward veloci 
Maximum range 

Rate Of climb 

Hover ceiling (ren 
Hover ceiling ({OGE& 
Length of thé «ail 
Operating weight 

Load weight 

Fuel weight 
Maximum gross weight 
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TABLE VII 


UH-60A Data 


Parameter 

Main rotor radius 

fii LOtTOL radius 

Number of main retor blades 

Number of tail rotor blades 

Height of the main rotor systen 
Speed of the main rotor 

Soeed Of the tail rotor 

Sora Of the main rotor 

mera Of the tail rotor 

mpcam Of the main rotor 

Sean Of the tail rotor 

Twist of the main rotor blade 

meeot Of the tail rotor Dlade 
Profile drag of the main rotor blad¢ 
Beoeale drag of =he ta1l retor blade 
Disc loading of the main rotor system 
Width of the fuselage 

Length ot the fuselage 

Frontal equivalent flat plate area 
Vertical equivaient flat plate are 
Maximum forward velocity 

Maximum ranges 

Rate of climb 

Hover ceiling (IG 

Hover ceiling (OGE 

femgth of the tail 

Operating weigkt 

Load weight 

Fuel weight 

Maximum gress weight 
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Width of the fus¢lage 

Length of the eee ae 

Frontal equivalent flat plate ar 
Meettcal Egquivaient fla* plate 4 
Maximum forward velocity 
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Rate of climb 
Hover ceiling 
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Operating weig 
Load weight 
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Maximum gress weight 
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TABLE IX 


CH=-53D Data 


Parameter 

Maen cotor radius 

Bat ELOtor redius 

Number of main rector blades 
Number of taiia retor blades 
Height of the main rotor systen 


eeecd of the ma@in rotcr 
emeod Of the tail rotcr 
Mmyosa Of the main rcetcr 
@imord Of the cail rotor 
eon Of the main rotor 
poem of the tail rotor 
Twist of the main rotor blade 
Twist of the tail rotor blade 


ee 
Profile drag co 
Peeriie drag c 
Pesce loading of <h2 main rotor 
Width of the fuselage 

Length of the fuselaq=s 

Frontal equivalent flat plate area 
Vertical equivalent fiat plat¢ are 
Maximum fotward velocity 

Maximum rangs 
Rate of climb 
Hover ceiling (IG 
Hover ceiling (0G 
Length of thé tai 
Cperating weight 
Load weight 

Fuel weight 
Maximum gress weight 
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TABLE X 


CH=522 Data 


Parameter 

Main rotor radius 

Maat rotor radcus 

Number of main rotor blades 
Number of tail retor blades 
Height of the main roter syst«n 
Speed of the main rotor 

Speed of the taii rotor 

Saeed Of the méln rotor 

mimomd Of the taii rotor 


Seam or che main rotoc 

Sem Of the «ail rotor 

fiwest Of the main rotor blade 

fiwest Of the tail rotor blade 
Feortile drag cf the main rector blade 


Peonrille drag of the tail rotor blade 
Disc loading of the main rtctor systen 
Width of the fuselage 

Length of the meee 

Frontal equivalent flat plate area 
Vertical ¢€quivalent flat plate area 
Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling CGE 

Hover ceiling (0G 

Length of the tail 

Operating weight 

Load weight 

Fuel weight 

Maximum gross weight 
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